A number of phenylbutazone derivatives and metabolites are under study (1) (2) (3) (4) in a joint effort to develop an analog possessing the marked anti-rheumatic properties but not the undesirable side effects of the parent compound. In the course of testing the anti-rheumatic effects in acute gouty arthritis of one of these compounds, G-25671, in which a phenylthioethyl group replaces the butyl side chain of phenylbutazone, marked uricosuric activity was noted (1, 2) . The interesting properties of this substance suggested further study and a clinical trial in the management of gout. The present report deals with the effect of G-25671 on the simultaneous renal clearances of inulin, para-aminohippurate, urate, sodium, potassium and chloride. More protracted urate and electrolyte balance studies are included. Our clinical experience with G-25671 in gouty subjects also is briefly summarized.
METHODS
Renal clearance studies were carried out in 12 gouty subjects, all males 33 to 62 years of age, and in the intercritical phase of the disorder. These subjects had been maintained on a low purine, low fat, restricted protein (60 to 75 gm. per day) diet and were in the postabsorptive state at the time of study. Standard clearance techniques (5) were employed, with slight modifications described elsewhere (6) .
To ensure adequate urine flow throughout the experiments, liberal quantities of water were administered orally. Urine and blood collections were initiated in three premedication control periods, each of 20 to 30 minutes duration. Then G-25671 was injected intravenously, the rate of injection being varied according to the design of the experiment, and appropriate urine and blood collections were made.
In 7 subjects the total drug dosage, 0.90 to 1.54 gm. of the sodium salt (16 mg. per Kg. body weight) dissolved in 100 to 150 ml. isotonic saline solution, was delivered within a period of approximately 20 minutes to attain high blood levels of G-25671 rapidly. Injection of the drug was then discontinued and 4 to 6 urine collections were obtained, each comprising a period of 20 to 30 minutes. Three blood samples were procured during these collection periods. The respective plasma concentrations of inulin, PAH, urate, Na, K and Cl were obtained by plotting the concentrations semilogarithmically against time and by extrapolating back to 2.5 minutes (approximate urine delay time) from the mid-time of each urine collection period. In three of these subjects, A. R., M. C., and L. W., parallel clearance studies with phenylbutazone, as the sodium salt, were made.-In Cases A. R. and L. W. the effects of injection of 100 ml. saline solution alone also were determined. Five experiments were designed to study the effects of slowly rising drug levels to determine the order of effects on specific renal clearances. In Cases J. S. and L. L., G-25671 as the sodium salt was dissolved in 5 per cent glucose in water to make a 0.14 per cent solution of the drug which was then delivered by sustained intravenous injection. The initial rate of infusion was 1 ml. per minute; this was increased by an increment of approximately 1 ml. per minute at the beginning of each 20-minute urine collection period to make a total drug dosage of 0.80 gm. for Case J. S. and 0.86 gm. for Case L. L. Seven such collections were made in each experiment. Blood samples were procured at the mid-point of each clearance period. Parallel experiments were carried out in Cases N. P., J. B., and L. O., in which phenylbutazone as the sodium salt dissolved in S per cent glucose in water to make a 0.14 per cent solution of the drug, was delivered by slow infusion.
To obtain information as to the more protracted effects of G-25671, particularly on the renal excretion of sodium, potassium, chloride and inorganic phosphate, two gouty subjects were hospitalized for two weeks during which they were maintained on constant weighed diets A.M. to 3:00 P.M., then to 9:00 P.M., and overnight to 9:00 A.M. The urine was collected over the three days immediately preceding medication, the four days of G-25671 administration, and three days thereafter. The body weight was recorded each morning. Parallel studies with phenylbutazone had previously been made in these two subjects (7) . The analytical methods for the determination of urate, inulin, creatinine, para-aminohippurate, sodium, potassium, chloride, and inorganic phosphate were the same as previously employed (6) . Plasma concentrations of G-25671 were measured by the method previously described (8) for phenylbutazone except that 3 per cent isoamyl alcohol was added to the petroleum ether used for extraction of the drug and the optical densities were measured at 255 mu.
RESULTS

Plasma levels of G-25671 after intravenous injection
The plasma levels of G-25671 obtained when the total dosage of drug (16 mg. per Kg. body weight) was delivered in one rapid injection varied from 22.7 to 12.3 mg. per cent at the mid-point of the first post-medication collection period (Table I) . In every instance the plasma concentration of the drug declined in the course of the experiment, the final concentrations ranging from 15.7 to 8.4 mg.
per cent. This is in contrast to the very slow disappearance of phenylbutazone from the plasma (7).
In two experiments involving sustained infusion of the drug at increasing rates (Table II) (Table I ). The not significantly affect the glomerular filtration rate remaining six subjects were found to have sig-in five subjects (Tables I and II ). In three innificant reductions in glomerular filtration rate stances C,. was appreciably although transitorily and/or renal plasma flow (Tables I and II) , as depressed, to a maximum of -30 per cent in Effect of G-25671 on urate clearance A marked increase in urate clearance occurred in every instance upon exhibition of the drug and was invariably apparent in the first collection period (Table I ). The mean Curate/Cmn ratio rose from a pre-medication value of 6.15 per cent to a five-fold peak of 30.6 per cent. This effect was more pronounced in the subjects with normal renal hemodynamics (Cases A. R., L. W., and M. C.) whose Curate/Cm. ratio rose from a mean of 5.11 per cent to a mean peak of 40.1 per cent but was readily demonstrable also in those with depressed CQ. and CpAH, whose mean pre-medication Curate/Cm. ratio of 6.93 per cent increased to 23.4
per cent (Table I ). The uricosuria induced by injection of G-25671 was associated invariably and roughly proportionately with a progressive decline in serum urate concentration, from a mean initial level of 9.3 mg. per cent to a mean minimum of 8.0 mg. per cent at the end of the period of observation ( Figure 1 ). The fall in serum urate in individual patients ranged from 2.3 to 0.5 mg. per cent.
The data in Table II indicate that G-25671 begins to exert its uricosuric effect at low plasma concentrations of the drug, approximating 1 mg. per cent, and that this action is progressively enhanced as the drug levels rise.
The uricosuric action of G-25671 is attributable to suppression of tubular reabsorption of urate. The percentage of filtered urate which was reabsorbed (i.e., filtered -UV/filtered) was calculated to fall, under the influence of the drug, from a mean pre-medication value of 93.9 per cent to a mean minimum of 70.2 per cent (in Case L. W., to as low as 50.8 per cent). As already implied, the quantity of urate filtered at the glomerulus was not significantly altered by the drug; no significant change in the proportion of plasma urate which is filtrable need be assumed (9) ; and the rapidity of the uricosuric action precluded any appreciable urate moiety due to augmented metabolic degradation of nucleic acids.
Effect of G-25671 on clearance and excretion (UV) of sodium, potassium and chloride The experiments summarized in The effect on "endogenous" creatinine clearance is indicated at the bottom of the figure, the serum urate levels (hollow dots) and serum G-25671 (solid dots) above. Effect of oral administration of G-25671 on urinary urate excretion and serum urate levels Table III records the day-by-day uricosuric response to daily doses of 1.0 gm. G-25671, given in five divided doses of 0.2 gm., in 5 gouty subjects maintained on a constant diet low in purines and fats, and containing 60 to 80 gm. protein per day. The mean increase in urinary urate excretion with this dosage was 55 per cent at the end of the first 24-hours of medication, reached a peak of 97 per cent after 48 hours, and continued to be augmented so long as the drug was administered. There was a concomitant sharp and sustained fall in serum urate. Cessation of medication was invariably followed by a period of urate retention.
Data on the response of the serum urate level are available in 13 gouty subjects, free of significant impairment of renal function, after oral administration of G-25671 in 1.0 gm. daily dosage. The mean pre-medication figure of 9.6 mg. per cent was reduced to a mean minimum of 4.7 mg. per cent.
A special study was made of the uricosuric response to G-25671 of gouty subjects with marked renal damage, since it is this category which is most apt to be refractory to uricosuric agents, even in doses larger than ordinarily employed. Observations were made in five such patients after 1.0-gm. daily dosage and, in all but one, subsequently after 2.0-gm. daily dosage. In Case J. D remitted completely within 24 to 48 hours, two within 72 hours, four improved temporarily but recurred promptly upon discontinuance of the drug, and in one instance the dosage had to be increased to 2.0 gm. per day because of inadequate response. All these patients showed the usual prompt and marked uricosuria, with decline in serum urate levels.
These results discouraged further trial of G-25671 in the termination of severe attacks of acute gouty arthritis but suggested that, apart from its uricosuric action, the drug might be useful in the control of pain and stiffness associated with chronic gouty arthritis. Of six such cases studied, four were promptly relieved of pain and stiffness with doses of 1.2 gm. daily, two only when the dosage was increased to 2.0 gm. daily. One of the patients, who received the drug in 2.0-gm. daily dosage continuously for 10 months, shows definite reduction in the size of tophi.
Despite relief of chronic joint symptoms, however, G-25671 in 1.0-gm. or 2.0-gm. daily dosage proved to be ineffective as a prophylactic agent in preventing recurrence of acute gouty arthritis in 4 of 7 patients receiving the drug for protracted periods.
Toxic reactions to G-25671
The drug was administered to 28 gouty subjects in all, 21 for studies of less than one week's duration, 7 continuously and without adverse effects for periods of 3 to 10 months. Three patients developed a rash (one urticarial, one erythematous, 1 purpuric), in every instance within a day or two of initiation of medication; one had reacted similarly to phenylbutazone. One patient developed a renal calculus, another noted "sand" in the urine, a third complained of renal colic. One patient complained of anorexia, one of marked constipation, the only gastro-intestinal complications encountered. The drug did not appear to precipitate acute gouty arthritis when first administered but, as already mentioned, did not prevent recurrence of acute seizures in the course of protracted usage. Careful checks at regular intervals in the 7 patients receiving the drug for 3 to 10 months failed to reveal any indication of bone marrow depression, hepatotoxicity or neurotoxicity.
The effects of G-25671 on discrete renal functions, as described in the preceding section, differ in significant respects from those observed with equivalent dosages of phenylbutazone, notably in relation to tubular reabsorption of urate and of salt and water. These differences, brought about by substitution of a phenylthioethyl group for the butyl side chain of the parent compound, appear to be quantitative rather than qualitative in nature, as will be made evident in detailed comparisons to follow. Nevertheless they are of such order of magnitude as to impart potential clinical usefulness to G-25671 as a uricosuric drug in the management of gout (1), phenylbutazone not being serviceable for this purpose (7) . The data now at hand make possible a provisional assessment of G-25671 as a uricosuric agent.
Comparison of uricosuric effects of phenylbutazone and G-25671
It was found in a prior study (7) of ten gouty subjects that intravenous injection of phenylbutazone in dosages ranging from 12 to 27 mg. per Kg. body weight caused a rise in Curate/Cin ratios from a mean control value of 6.04 per cent to a mean peak of 19.5 per cent, an approximately three-fold increase. The data of the present analogous study with G-25671, given intravenously in a dosage of 16 mg. per Kg. body, indicate an approximately five-fold mean peak rise in C,E,rate/Cin, from a premedication value of 6.15 per cent to 30.6 per cent. Direct comparisons, made in the same patient, more convincingly demonstrate the greater uricosuric efficacy of G-25671 (Table I ). In Case A. R., the Cura;te/Cin ratio rose from 5.9 per cent to a peak of 39.6 per cent with G-25671 whereas with the same dosage of phenylbutazone the rise was from 5.3 per cent to 21.8 per cent; in Case L. W., the respective increases were from 3.3 per cent to 49.3 per cent with G-25671 and from 3.6 per cent to 17.8 per cent with phenylbutazone; in Case M. C., from 6.1 per cent to 31.5 per cent and from 5.0 per cent to 9.0 per cent, respectively. Since these and similar comparisons of the two drugs were made with dosages equivalent on a drug-weight basis, the actual dosage of G-25671 administered was approximately 25 per cent less than that of phenylbutazone when calculated on an equi-molecular basis (molecular weight of phenylbutazone, 298; of G-25671, 384). 8 There has been some difference of opinion as to whether phenylbutazone, when administered orally, exerts any uricosuric action in the usual dosage, 400 to 800 mg. daily. The preponderance of evidence (7, 10, 11 and others) clearly indicates that phenylbutazone increases urinary urate excretion when plasma drug concentrations approximating 10 mg. per cent or more are attained, for which regular oral doses of at least 600 mg. per day ordinarily are required (10) . A decline in serum urate concentration may precede distinct uricosuria but this appears to be largely factitious, usually the result of hemodilution due to marked salt and water retention.
The available data on G-25671 indicate that this drug, when given orally, elicits increases in urinary urate excretion and associated falls in serum urate concentration at least as great as probenecid in equivalent dosage (12) . The uricosuric action begins at plasma drug levels approximating 1 mg. per cent, and effective blood levels are readily achieved when the drug is given orally in the daily dosage we have ordinarily employed, 1.0 gm. per day. Because of the short biologic halflife of G-25671 (about 3 hours compared to 70 hours for phenylbutazone) (1) maintenance of effective plasma drug levels throughout the day requires distribution in divided doses. We give 0.2 gm. every 4 hours from 7:00 A.M. to 11:00 P.M. clinical consequences thereof, in particular expansion of the intravascular fluid compartment, represent a hazard in the use of the drug. In our own experience (7), the urinary excretion of sodium in one patient studied, Case 0. G., fell from 0.81 gm. per 24 hrs. to 0.37 gm. per 24 hrs. when 0.8 gm. phenylbutazone was infused daily; the corresponding figures for urinary chloride excretion were 1.63 and 0.92 gm. per 24 hrs., respectively. This patient was maintained throughout the experiment on a constant low-sodium diet to which 2.5 gm. sodium chloride a day was added. In another instance (7), Case L. W., who also received 0.8 gm. phenylbutazone by intravenous injection, the urinary excretion of sodium fell from 2.20 to 1.13 gm. per 24 hrs., the urinary chloride excretion concomitantly from 3.61 to 1.80 gm. per 24 hrs. Case L. W.'s low salt diet was supplemented with 3.5 gm. sodium chloride daily. In both instances retention of sodium was associated with a rise in serum sodium levels, in Case 0. G. from 141 to 150 mEq. per L, in Case L. W. from 145 to 156 mEq. per L.
These same patients were subjected to analogous experiments with G-25671 which, as indicated by the data of this study already presented, also causes some retention of sodium chloride ( Figure  2) ; in equivalent dosage and plasma drug levels, however, significantly less than does phenylbutazone. Thus the urinary sodium excretion in Case 0. G. fell from 1.32 gm. per 24 hrs. to a mean of 0.95 gm. per 24 hrs. for the first two days of intravenous injection of 1.2 gm. G-25671 daily (50 per cent higher dosage than in the corresponding phenylbutazone experiment) but returned to the control level, 1.25 gm. per 24 hrs., as the drug infusion was continued. The corresponding figures for urinary chloride excretion were closely parallel: 1.94 gm. per 24 hrs. control level, 1.47 gmn. per 24 hrs. for the first two days, and 2.28 gm. per 24 hrs. for the last two days of injection. The constant low sodium diet in this instance was supplemented with 2.5 gm. sodium chloride daily, as in the corresponding phenylbutazone experiment.
Case L. W. received 1.6 gm. G-25671 daily by intravenous injection. At this dosage retention of sodium was about as marked as was obtained with 0.8 gm. of phenylbutazone: The premedication urinary excretion of sodium, 1.69 gm. per 24 hrs., fell to a mean of 0.96 gm. per 24 hrs., the urinary chloride excretion fell from 2.26 to 1.14 gm. per 24 hrs. The low sodium diet in this instance was supplemented with 3.5 gm. sodium chloride, as in the prior phenylbutazone experiment.
Owing to the rapid metabolic degradation of G-25671, the tendency to retain sodium chloride was no longer apparent even on the first day of discontinuance of medication whereas the sodiumretaining effect of phenylbutazone was still in evidence 24 to 72 hours thereafter. G-25671 did not cause any hypernatremia, such as was noted with phenylbutazone, and hemodilution was not significant in ordinary clinical dosage.
Another relevant point in this connection was brought out by slow infusion experiments in which the plasma concentration of phenylbutazone or G-25671 was raised gradually in order to determine the relative drug levels required to effect uricosuria and/or sodium retention (Table II) . These experiments demonstrate that plasma phenylbutazone levels of 1 to 2 mg. per cent are associated with distinct sodium retention (Table  II) whereas no increase in urinary urate excretion occurs until plasma drug concentrations of approximately 10 mg. per cent are reached (7, 10) . On the other hand, G-25671 causes distinct uricosuria at plasma drug concentrations of 1 mg. per cent, which appear to be insufficient to elicit significant sodium retention. In Case L. O., the plasma phenylbutazone level was slowly raised to 8.7 (14) .
The experience herein described suggests, however, that G-25671 may have potential clinical usefulness as a uricosuric agent in the prevention and treatment of chronic gouty arthritis; it has potent uricosuric and mild anti-rheumatic properties, and causes negligible retention of sodium and water. Since administration as a uricosuric agent would require daily dosage for months or years, the limiting factor in use of the drug for this purpose would appear to be its hazard of significant toxicity. In our own small experience thus far, this hazard does not appear to be excessive. Of 28 gouty subjects treated with the drug, three developed significant side reactions (drug rash, which disappeared promptly upon discontinuance of medication), three had complications referable to excessive uricosuria (a hazard common to all uricosuric agents which can usually be circumvented), none gave evidence of bone marrow depression, hepatotoxicity or neurotoxicity.
The similarity in chemical structure to phenylbutazone, however, suggests caution in the protracted administration of G-25671, and much more extensive and prolonged experience will be necessary to permit conclusions as to its safety for use in the management of chronic gouty arthritis. Phenylbutazone has been recommended for protracted daily use in gouty subjects (15) but we consider that the toxic hazards entailed do not justify its employment for this purpose (7). SUMMARY 1. G-25671 is a phenylbutazone derivative in which a phenylthioethyl group replaces the butyl side chain. The effects of G-25671 on the simultaneous renal clearances of inulin, para-aminahippurate, urate, sodium, potassium and chloride are reported, and the results compared with those obtained with phenylbutazone.
2. Like phenylbutazone, G-25671 usually does not significantly affect the inulin clearance but may lower it in some instances. Both drugs significantly depress CpAH, apparently as a result of decreased renal extraction of PAH.
3. In seven rapid infusion experiments, G-25671 caused a mean five-fold increase in Curate/Cin, from a mean pre-medication value of 6.15 per cent to a mean peak of 30.6 per cent. This uricosuric effect, which is much more pronounced than that of phenylbutazone, is attributable to suppression of tubular reabsorption of urate.
4. G-25671 causes distinctly less sodium and water retention than phenylbutazone in comparable dosage, and exerts its uricosuric action at low plasma drug levels (approximately 1 mg. per cent) which are not associated with any discernible effects on tubular transport of electrolytes. Phenylbutazone, in contrast, causes sodium and water retention at low plasma drug levels and uricosuria only in plasma drug levels of approximately 10 mg. per cent or more. Neither drug significantly affects potassium or phosphate excretion.
5. Administered orally to gouty subjects, in 1.0 to 2.0-gm. daily dosage, G-25671 is a potent uricosuric agent. In 13 such patients, free of significant renal damage, the serum urate level was reduced from a mean pre-medication figure of 9.6 mg. per cent to a mean minimum of 4.7 mg. per cent; the effect in patients with renal damage was less satisfactory. G-25671 also possesses antirheumatic properties sufficient to control pain and stiffness in chronic gouty arthritis but these are distinctly less pronounced than phenylbutazone and the drug is of little or no value in terminating acute gouty attacks.
6. The limiting factor in clinical use of G-25671 as a uricosuric agent in the prevention and treatment of chronic gouty arthritis is the potential hazard of toxic side reactions. Drug sensitivity (rash) developed in approximately 10 per cent of our patients. There was no indication of bone marrow depression, hepatotoxicity or neurotoxicity in this series but the observations are too few and too brief to warrant conclusions.
